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Abstract

Source size parameters measured via two-particle interferometry in experiment
N A for 200 GeV /uucleon S+1°b collisions are compared to caleulations unsing the
ROQMD event generator. Reasonable agreement is found in most cases. Based on
this agreement, the model is used to study some of the interesting details of the
collision dynamies which are not easily measured,

Introduction

In the last decade many experimental measurements of source size parameters from
two particle interferometry have become available[l, 2, 3. 4. 5, 6. 7. 8, 9, 10, L1, 12,
13]. Quantitative interpretations of these size parameters are complicated by resonance
decavs, correlations between the position and momentum of a particle, and C'onlomb
interactions between the identical particles. We can improve our understanding of these
influences using an event generator. The event generator is used to generate a one-bhody
phase space distribution of particles. From this information, the two particle correlation
function can be approximately calculated using a Wigner function formalism(1-4. 15]. In
this study. the RQMD (relativistic quantum molecular dynamics) model[16, 17] will be
used. RQMD is a microscopic phase-space approach. based on resonance and string
excitation and fragmentation with subsequent hadronic collisions[16. 17]. In principle.
the same technique could be used with other event generators.

In the simplest view of boson interferometry. there is a static source with no corre-
lations hetween the momentum and position of a particle. These assumptions lead from
a source position distribution of the form

2
olr) x .-xp(—#—). (1)
EX L PINY

where r is the position of a particle’s last interaction and R, .. is a size parameter, 10
a correlation function of the form

Cilg) =1+ ,\oxp(-qzlf:""”). {2)

where ¢ is the two-particle momentum difference and A is a parameter whose value is one
in the ideal case. When there are correlations between the position and momentum of



a particle in the “source™ which from they are emitted, the size parameter which comes
from fitting data to eq. 2 can not be directly interpreted as the source size parameter /¢
which appears in equation 1. This problem and the associated problems with resonance
decavs and Coulomb corrections will be examined below,
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Figure 1: For 200 GeV/nucleon S+Pb collisions, the comparison of NA-B data and
calculations based on the RQMD event generator. (‘alculations for the g . g, g . aud
Gude components of the momentum difference are shown, Results for the -1 mr ("low
pr") spectrometer setting are shown.

Experimental Results

In this paper. only the experimental results from Cern experiment NAM[T, 100 12, 13]
will be compared to the calculations. However, similar calculations have been compared
to several other experiments including NA35(11, IR]. E839[19]. and ES1.1[20].

The NA11 Focusing Spectrometer[7], which uses two dipole magnets and (hree
guadrupoles. covers a momentum range of £20% around its central momentum set-
ting. For the data shown here. the central momentum settings are 4 GeV /e (lab) for
pions and 6 GeV /¢ for kaons. The two spectrometer angle settings used for v+ . 11 mrad
and 131 mrad. ave referred to as low pp (< pr >= 150 MeV/e) and high py (< pp =
150 MeV/c). respectively. For the data discussed here, the tracking and time-of-flight
uses three scintillator hodoscopes whose time resolution is & 100 ps, with ¢ Cherenkov
beam counter[21] for the time-of-flight start (o = 35 ps).

The NA41 data have been analyzed in terms of three components[22, 23] of the
two-particle momentum difference (¢ = py = ). The data are analyzed in the frame in
which the z-component of the pair momentum (p.y + p.2) is zero (the longitudinal contor
of mass system, or "LOMS™). The momentum difference is resolved into a component



(qheam) parailel to the beam direction and a component perpendicular to the heam
direction. " he perpendicular component is further resolved into ¢, parallel 1o the sum
of the pair momentum and g, . which is perpendicalar to the sum and to the beam.
Three corresponding sonurce size parameters (Rpoom .« Royre Ry ) are simultancounsly fit
to measured 3D correlation functions from two different spectrometer settings.  The
“horizontal” focus spectrometer setting op.imizes the aceeptance for R,,,,. while the
“vertical™ focus spectrometer setting is for f,,, . The resolntion in ¢, and ¢, ., is
215 MeV /e and in g is =30 MeV /e,
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Figure 2: For 200 GeV/nucleon S+Pb collisions, the comparison of NA data and
calculations based on the RQMD event generator. (Calculations for the g,ur. @beam . and
Gaute components of the momentum difference are shown. Results for the 131 mr (high
pr’) spectrometer setling are showr.

Discussion

Fig. 1 compares NAH's measured correlation function at -Llmr with the caleulations
based on RQMD[18]. If the point at the lowest value of ¢ in cach of the three panels
is ignored. then the agreement between the data and caleulation is reasonably good.
Given the large systematic uncertainty (not shown in the errors bars) associated with
this first data point, it is reasonable to neglect it in the comparision. If we do consider
the first point in the comparison. then the RQMD caleulation consistently gives a larger
intercept as ¢ — 0 (A). Fig. 2 compares NAL data and the calculation for the 13imr
spectrometer setting. As in fig. 1. the A parameter in the caleulation is slightly larger
than the in the data but the caleulation and data are very similar.

Fig. 3 compares size parameters from NAL[T. 10, 12] 10 size parameters fit to the
RQMD correlations functions ~hown in figs. 1-2. In addition. the size parameters from



the measured[10] and calenlated KT correlation functions are shown. In fig. 3. the cal-
culations for low pp 7wt agree with the NA L results for two of three size components,
but the RQMD result is larger (by 3.1a) than the NA-LL result for Ry, pp, . The RQND
result also agrees with the N high pr result for 1two of three size parameters, but
the RQMD value of R, is significantly larger than the NAALL result, The NA3H col-
laboration has also reported values of R, from RQND which are significantly larger
than their experimental values[11]. For K*. the NALL and RQMD results are in goad
agreement.

When there are correlations between and emitted particle’s position and momentum.
the size parameter measured by inerferometry (eq. 2} is generally different than the
“true” size of the source (R qu4s in 0. 1). Studies with event generators[f), (8,20, 21] aud
the Kinematics of particle generation[25] both lead to the belief that such correlations
do exist in high energy heavy ion collisions. Using an event geneiator. we can try to
relate measured radius parameters. which come from a fit 1o a correlation function. to
the "true” source size, One complication in the process is that. because the source
position distribution is not a gjaussian as in eq. 1. the “true” size does not always have
an obvions definition.

[deally the source “size” could be defined with one or two numbers. such as the
transverse and longitudinal widths of the source position distribution, which would com-
pletely specify the source distribution. [Unfortunately. for heavy ion collisions around
200 GeV /nucleon, the large fraction of pions which come from resonances such as the
«(T83). . and »' complicate such a definition[26]. These resonances add a long, approx-
imately exponential, tail to the sonrce distribution which extends to large distances. Vor
positions around 23 fm, corresponding to the w(783) lifetime, pions from «(783) decay
become the dominant contribution. For distances large compared to the o (783) life-
time, the dominant components become first pions from 5’ decay. then the y decay. The

— 8 ;

E | ORQMD  ®NA44 71" low p, |

~ [ ORQMD WNA44 1" high p, 4,

Y gl ARQMD  aANA44K®

o

£ [

S | ¢

S 4 @ ? o© O

a | a

SO ur " aa I

@ Ap 1 A
Rlidl Rou\ Rbcum

Figure 3: The size parameters. for 200 GeV/nueleon S+Pb. based on lits to 3 dimen-
sional correlation functions. for low pp x% (solid circles), high pp 7% (solid squares).
and for At pairs (solid triangles) from N AL The corresponding fit parameters from
the correlation functions calenlated from RQMD are shown as open svmbols.



NA B detector’s finite momentum resolution makes the NA T experiment insensitive
to structure in the correlation funetion finer than =10 MeV/e, so i1 is correspondingly
insensitive 1o sizes larger than 20 fm {= he/10 NMeV/e), Becanse the spectrum of pi-
ons from resonance decayvs is =“softer™ than the spectenm of primary pions. resonance
contributions can be substantially reduced by measuring at higher pp.

There are not as many long-lived resonances which produce K.\ large fraction
ol all Kt come from K™ decay. with the o becoming more importaut at x = 16 fm.
The K= lifetime is around 1 fin/e, which can contribute to the “size™ measureed by
interferometry.  However. according to KQMD, the slope of the pp speetrum of A
from K™ decay is similar to the overall slope. Therefore the A= contribution can not
be easily eliminated by measuring at higher pp. On the other hand. the o contribution
can be largely eliminated by measuring above 800 MeV/e.

parameter | K¥* T a+* 1pmre [ o5+ 131 mr
a(beon) | 2.1 3.3 | 3.1
a(trans,) 2.1 3.1 ! 3.5
a(time) 5.0 5.0 ._ H.2

Table 1: Standard deviations from Ganssian fits to the source position distributions in
the beam. transverse, and time coordinates from RQMD. The vilues are given in fin.

One simple definition of the “size” comes from a gaussian fit to the source position
distribution from RQMD. The gaussian fit generally fails in the tails of the distributions
where resonances dominate, but is a reasonable representation of the transverse position
distribution. The shapes of the longitudinal and time distributions are not well described
by a gaussian. [ the source distribution is restricted to the same range of v and pp
values as in covered by the N\l spectrometer in each of its settings. the RQMD size
parameters shown in table 1 can be calculated. The transverse. beam. and time widths
are shown. The parameters are measured in the frame of reference with halt the beam
rapidity. With these definitions, the A+ source size is smaller than the 7t source size.
vhile the 7t size does not vary much with py. The observed pr dependence of the 7+
source size parameters from both the data and RQMD (fig. 2) comes partially from the
additional cut (unot included in table 1) on azimuthal angle. At the high py setting,.
the NA-LL spectrometer tends to sce particles from the side of the source closest 1o the
spectrometer(26]  reducing the apparent source size from interferometry. This behavior
is consistent with flow,

There are several problems associated with the Coulomb correction 1o two-pion
correlation functions. The Gamow factor is normally nused in the correction for the
Coulomb interaction (repulsion) between the two particles. The Gamow factor is

21

)= c-xp(27rr))_—_l

(3)

where i = am-/qinvyv. a = 137 s the fine structure constant. and qpvy = (=g - q) is
the Lorentz invariant relative momentum. However. the Gamow factor is an approxima-



tion for a point source, Many experimental groups have used this approximation rather
than a correction factor calculated with Coulomb wavetunctions. The advantages of 1he
Gamow factor are its simplicity and. unlike the correction based on Coulomb wavefune-
tions, it does not require knowledge of the source size - which is what is being measured.
Therefore using a Coulomb wave requires an iterative fitting process when determining
the source radius parameters, In general, the Gamow factor overcorrects the correlation
function[27].

2 second problem occurs with the Gamow factor and the full Coulomb wavefunction
calculation. Many of the pions come from the decay of long-lived resonances, Abomt
9% of pions in the NA spectrometer acceptance at the low pr seiting come from the
decay of the 5 and 1 resonances[26]. The lifetimes of these resonances are = 170000
fm/c and = 1000 fim/c, respectively  so they decay far from the source of pions. When
a pion pair contains one pion from the decav of these long-lived resonances (= 18%
of pairs), there is very little Coulomb interaction between the particles. In this case
the Gamow factor (which assumes the particles came from a point source) is clearly
an overcorrection[27]. If the full Coulomb wave calenlation assumed the correct source
shape, including the various long-lived resonances. it would be possible to make this
correction properly. However. the exact sourre shape is not known experimentally and
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Figure -1: Based on calenlations with RQMD for 200 GeV /nucleon S+ Pb collisions, the
rtx* correlation function calculated using C'oulomb waves in the original caleulation
but corrected with the Gamow factor (left side) and calculated with a “perfect™ Coulomb
correction (right side). The calculation with Coulomb waves and the Gamow factor
(right side) is the “normal™ calculation which is used in the other plots shown in this
paper.



a gaussian form (eq. 1} is normally assumed in making the correction. The gaussian
form does not contain the long tails 1o the distributions from resonance decavs and
therefore overcorrects the data «lso. Because a finite size is assnmed, the overcorrection
is smaller for the full Coulomb correction than for the gamow correction.

Fig. 1 shows a calculation based on RQMID which illustrates the problems in the
Gamow correction. The left side of the plot is the “normal™ RQMD calenlation. A
“normal™ RQMD calculation takes pion pairs from the single particle distribution and
adds the effects of (two-particle) Bose-Einstein correlations along with effects due 10
the C'oulomb and sirong interactions between the pions. The Coulomb interactions are
added by using Coulomb wave functions in place of plane waves. The Coulomb interac-
tions are then corrected in the calculated correlation function using the Gamow factor.
In the model this approximation is not necessarv. However. the goal is to compare 10
the experiment, which has used this approximation, so it is normally used with the
caleulation too. The right side of fig. .| shows the results of an RQMD calculation with
a "perfect”™ Coulomb correction. The “perfect™ Coulomb correction is made by ignoriug
the C'oulomb interaction when calculating the correlation function  meaning that it
does not have to be corrected. This “perfect” correction is not feasible for real data,
The perfect ('oulomb correction has an intercept at gyyyv = 0 which is reasonable ziven
the resonance fraction in the RQMD eveuts (about 6% n. 3% n'. and 12% &), The
(Gamow corrected calculation has an intercept which is too large. Neither of the fits
shown in fig. 1 is good in the low ¢;xy region - the shape of the calculated correlation
function is not gaussian. However, the fit parameters do reflect the overcorrection from
the Gamow factor - A is significantly larger in the fit to the GGamow corrected calculation
than in the “perfect™ calculation.

1 - .
('onclusions

Source size parameters calculated from RQMD are in reasonable agreement with the
results from NAH. [f RQMD is then used to attempt to relate the source size parameters
with the “true” source size. we see that the “true” source size is difficult to define with
a single number. The widths of the RQMD source distributions for particles within the
spectrometer’s acceptance show a A't source which, like the size parameters from the
correlation functions. is smaller than the 7+ source. One example of the overcorrection
introduced by the the “gamow™ correction was shown. Long-lived resonances contribute
to this overcorrection.
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